The study of liquid phase reactions is significant for various applications including solution based materials synthesis, solar to fuel conversion, batteries and so on. By developing and applying in situ liquid environmental electron microscopy (TEM), we study nucleation, growth and materials transformations in liquids. Liquid cells with various designs, including those with SiNx windows, integrated electrodes or graphene, have been made. Many dynamic phenomena associated with the nucleation, growth and materials transformations have been revealed with high spatial and temporal resolution. We report the liquid cell TEM study of dendritic growth with or without an electric bias.
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The study of liquid phase reactions is significant for various applications including solution based materials synthesis, solar to fuel conversion, batteries and so on. By developing and applying in situ liquid environmental electron microscopy (TEM), we study nucleation, growth and materials transformations in liquids. Liquid cells with various designs, including those with SiNx windows, integrated electrodes or graphene, have been made. Many dynamic phenomena associated with the nucleation, growth and materials transformations have been revealed with high spatial and temporal resolution. We report the liquid cell TEM study of dendritic growth with or without an electric bias.
Dendritic growth has attracted lots of attention for many years [1] [2] [3] [4] [5] due to the complexity characterized as multilevel branching as well as the resulting device failures in modern technologies. As we know dendritic growth is ubiquitous in materials solidification and crystallization, which arises from the instabilities when growth rate is limited by the diffusion of ions from solution to the deposits. Real time observation of the nucleation and growth of dendrites with high spatial resolution give the opportunity to elucidate the dendrite formation mechanisms. For example, we study iron oxide dendritic growth in a liquid cell. By tracking the dendrite nucleation and growth trajectories, the branching mechanisms resulting from local composition fluctuations and growth kinetics dependent morphology development have been achieved (Figure 1 ).
Nucleation and growth of dendrites have also been observed at electrode-electrolyte interfaces in an electrochemical liquid cell. We have previously observed Pb dendrite formation in an aqueous electrolyte containing Pb precursor (Figure 2a ) [6] . The lithium metal dendritic growth (Figure 2b ) has also been observed in situ using a similar electrochemical liquid cell set up [7] . Recently, we have observed unique phenomena of Na deposition (Figure 2c ) and have been able to resolve SEI layer effects. An understanding of dendritic formation of alkali metal has significance in modern technology such as high energy capacitors and batteries. Our in situ study shed lights on strategies of improving electrode design to reduce short-circuit failure and to enhance the performance of batteries [8] . 
